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(57) Abstract 

Novel modifying agents contain a shaiply-melting crystalline polymer moiety, preferably a side chain crystalline (SCO moiety, and 
an active chemical moiety. Such modifying agents, especially when in the form of particles, can be placed in contact with a matrix, will 
not modify the matrix below the crystalline melting point Tp. but will rapidly modify the matrix above Tp. The active chemical moitxy can 
react with die matrix, catalyze a reaction of the matrix, or inhibit a reaction of the matrix. Particularly useful composiUons arc polymer 
precursors which are storage-stable at low temperatures but which are rapidly converted to cross-linked resins when heated to temperatures 
above Tp, optionally in the presence of light 
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POLYMERIC COMPOSITION 

This invention relates to polymeric modifying agents having temperature- 
5 dependent properties. 

It is known to control the rate of a chemical reaction by providing a reactant or 
a catalyst in a modified form such that the availability of a reactive moiety depends 
upon some external factor. For example one or more of the reactants, and/or a 

10 catalyst, can be encapsulated by a protective shell which at least partly prevents access 
to the reactant or catalyst When initiation of the reaction (or an increase in the 
reaction rate) is desired, the sheU is removed or subjected to a treatment ^ch 
increases the rate at which the reactant or catalyst can permeate through the shell. 
Removal of the shell can be effected, for example, by means of heat, solvent, or 

15 ultrasonic waves. A change in the permeation rate can, for example, be effected by 
using a shell having temperature-dependent permeability and by changing the ambient 
temperature; for further details of particularly useful tempemture-dependent systems 
of this kind, reference may be made, for example, to commonly assigned U.S. Patent 
Nos. 4,830,855 (Stewart), 5,129,180 (Stewart) and 5,254,354 (Stewart), the 

20 disclosures of which are incorporated herein by reference for all purposes. 

It is also known to use so-called ''latent hardeners" or ''latent curing agents", 
optionally in conjunction with "latent accelerators". These "latent" compounds can be 
mixed with the other ingredients for a crosslinked resin, e.g. an epoxy resin or a 

25 polyurethane, to give compositions vAnch are relatively stable at room temperature 
but which cure rapidly when heated to an elevated temperature, e.g. 160^C or more. 
Systems of this kind are disclosed for example in US Patent Nos. 4,349,651 (Smith), 
4,358,571 (Kaufinan et al), 4.420.605 (Kaufinan), 4,430,445 (Miyake), 4,659,779 
(Bagga et al), 4,689,388 (Hirai et al), 4,701,378 (Bagga et al), 4,742,148 (Lee et al) 

30 and 4,933,392 (Andrews et al), and European Patent Publication No. 362787 A2 
(Henkel), the disclosures of which are incorporated herein for all purposes. 

Many attempts have been made to develop systems which are stable for 
extended periods at storage temperatures, but which will cure rapidly when heated to 
35 give crosslinked polymers having desired properties. However, only limited success 
has been achieved. 
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^ «„lvmers containing reactive moieties which will 

It is also known to prepare polymers conuuumjs ♦i..«at«ials 

of Polymer Science and Engmeenng. Vol 2, pages 7uz fzy, 
incorporated herein by reference for all purposes. 

We have now discovered, in accordance with this invention, that gr«.tiy 
7 Z c^ be achieved through the use of polymeric materials which 

TluA^ matrix is contacted by the active chemical moiety. A similar 

example, one or more of (a) ao „te.soiiic ladiadon, or (c) 

radiatian. includiiig viable and ultraviolet ugM, or u. m 
i increasing or decreasing the pH. 

Ti„ «aive chemical moi«, is one »hich promotes or inUbits a eh«nical 
• ^rirt.»nderselect«ic««iMon».-n» selected conditions can r^ndt 

p«sure.pHor»di«ion.or««ad*»onofaJven^^ 

^„,y reduce the "T'^^;^'^:^^ ^i.. a moiety »hieh 

• the^^ and is thereafter regenen-ed or converted mto 

" iriC:^-llrLsnot..m.pe.manentehemlc..nd.th 
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an ingredient of the matrix); or (2) a reactive moiety (i.e. one which reacts chemically, 
and forms a permanent chemical bond, with an ingredient of the matrix, and is not 
regenerated); or (3) an inhibiting moiety (i.e. one vAnch reduces the rate of a chemical 
reaction of the matrix, optionally by itself reacting preferentially with a material, e.g. 
5 oxygen, which would otherwise react with the matrix). 

In particularly preferred embodiments of the invention, the crystalline 
polymeric moiety is a side chain crystallizable (SCC) polymer moiety. SCC polymers 
generally contain side chains comprising substituted or unsubstituted n-alkyl groups 

10 of 6 to 50, usually 12 to 50, carbon atoms,^derived, for example, from one or more n- 
alkyl aciylates or methacxylates. The melting point of an SCC polymer is in large 
measure controlled by the number of carbon atoms in the n-alkyl group or groups and 
is not (as in most other polymers) heavily dependent on the molecular weight of the 
polymer or on the presence of other comonomo: units (e.g. derived from acrylic acid, 

15 acrylonitrile or an unsubstituted or substituted lower alkyl acrylate). Furthermore, 
SCC polymers generally meh over a small temperature range, e.g. less than 10°C. As 
a result, it is possible to select an SCC polymer moiety which will cause the 
modifying agent to melt over a narrow and predetermined range, thus making a sharp 
change in the extent to which the active chemical moiety contacts the matrix. 

20 

As explained in detail below, a number of different factors influence the extent 
and the speed of the change in the extent to which the active chemical moiety contacts 
the matrix. These factors include (1) the form of the modifying agent (in particular 
the size of the particles thereof, when, as is preferred, the modifying agent is in the 

25 form of particles dispersed in the matrix), (2) the nature of the bond between the 
polymeric moiety and the active chemical moiety (which is a covalent, ionic, mixed 
covalent-ionic, or ligand-attached bond, preferably a covalent bond), (3) the 
temperature range over v^ch the crystalline moiety melts (^^ch is preferably less 
than 10**C between onset of melting and peak on a DSC curve), (4) the extent and 

30 rapidity of the temperature change or other treatment which is carried out in order to 
promote (or inhibit) the chemical reaction of the matrix and (5) the presence of 
coadditives. Preferably, the combination of these factors results in an increase in the 
effective concentration of the chemical moiety by a factor of at least 500, particularly 
at least 1000, especially at least 2,000, with substantially greater increases, e.g. at least 

35 3,000, being obtainable in many cases. 
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tvi ««ticles or film Of the modifying agent wUl nonnally 

polymnic acting having a ""la-S P"** 
preferably 

„«,ti„g«mp««»«Tps«hth«Tp-T.isless*«.Tp , 

preferably less than Tp »•«, and 
Oi) anac«vechemcd«oi«y»«chish«uWtofl«I»I)™enc 

,,«erial under selected condilkMU^ l«om<«es or mtabits a 
domical t«Ktiem of the n»«rixn«ter«il,a»J 

^^^LotTLwon. and pH. said physical Change chan^ 
;:^„«hichthem«.ixma,erial is contacted by ..echenoca. 

moiety. 

to a firs. prefen«l aspect, this inventl™. provides a co.np.«ti», «hich 

comprises 

(1) a matrix material; and ^ niaterial. a 

n\ distributed in the matrix material, or aajacero uj « 

J^^s«.i.iven»di^.ge«.sdeB«ed*ove«tacha)^ 

r&rtn of a soUd. and (b) undergoes a physical change when .. .s 

rbi^d,v*ilei.isinco.tac.«iftth.n».rixm«enal.toas«d 

^^mble. said physical ctang. subs.»«i.lly increa^g *= 
^ .1 Which the »«,ix materi- is c^ttacted by the acuve chenaca. 

moiety. 
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In a second preferred aspect, the invention provides a method of making a 
chemical compound, especially a polymer, which comprises 

(A) subjecting a composition according to the first preferred aspect of the 
invention to a said change in a variable; and 
5 (B) simultaneously with step (A), or after step (A), subjecting the matrix 

material and the modifying agent in contact therewith to conditions - - 
which cause a chemical reaction of the matrix material. 

Many of the chemical compounds ^^ch can be prepared by the second 
10 preferred aspect of the invention are themselves novel. Thus in general, the 

compounds which result when the modifying agent reacts with the matrix material are 
novel. Other products which can be prepared in accordance with the present 
invention, although known as chemical compounds in some forms, are not known in 
other useful forms, e.g. as foams, which are easily prepared by this invention. These 
15 novel compounds, and these new forms of known compounds, form part of the 

present invention. For example, in a third preferred aspect, this invention provides 
polymers which comprise 

(A) first polymeric blocks which comprise a polymeric moiety comprising 
a crystalline polymeric moiety having an onset of melting temperature 

20 To and a peak melting temperature Tp such that Tp - T^ is less than 

TpO-7 and 

(B) second polymeric blocks which are different from the first polymeric 
blocks, 

25 the polymer having at least one of the following characteristics 

(1 ) the first polymeric blocks are derived from a novel modifying agent as 
defined below as the fourth preferred aspect of the invention; 

(2) the polymer is in the form of a foam, an electrically insulating coating 
on a conductor, a coating on a printed circuit board, a resist on a 

30 substrate which is to be plated or etched, an epoxy graphite composite, 

or a powder coating; 

(3) the polymer is crosslinked, preferably thermoset so that it does not 
flow when heated; and 

(4) the second polymeric blocks are derived from at least one monomer 
35 selected from epoxides, olefins, and monomers containing a vinyl 

group substituted on an aromatic ring; and 
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-_ecidi, .„ imktazole. . carix-nyl group, an e«er, a ftee radical 
/ or ueroxy group wUch causes vinyl 

generating group (e.g. an a20 or peroxy group ^,^v 

gro,^ to link), or. Lewis aid (e.g.tt.tokq«xy ««•»•»)• 
Tl« compositions of*. »ve«io..fl«.nun*.rofin,p^adv»««^ 
.^r^v^conr^ons. •» P-^J^^^r^^^ - 

melt flow promoting agents. 

M«,v of the «mpera«ue.s«»tivc modifying agenB us«i in this invention a« 
novel c^^-TLh a. par. of the present inven«on. Furth^ of 

• r:rjrsn=rf23Et=r;rdesa 

cout«ning.teni«y-nine..«™nsitio.m«.lor«.er^e..nd 
,m nZingaeentistotbeformofpartidespreferablyhavrngan 
;!;^«,^of0.1tol50.panic«Uirly0.1«>50.nucrons. 

a fflth p,.f«.«> .spec .his invention provides . method of r»*ing . 

,«,„.«^«»tive m««e^g .g». polymeric «.i«y 

rn a oolymeric moiety which compnscs a crysiaum i~ j 
^" S^onse.ofmeItingtemper«u,eT.-rf.p«*melnng 

,.,„p.„«,.TpSUChfl.atTp-Toisl«»fl>»TpO-';»»i 
f.i> ac«.lyticmoie.y>vhicbisbo«iedtoti.epolymeriemoietyti»ough. 

bond having . stnmgth of a. least 10 Kcd/mole; 
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said method comprising 

(I) copolymerizing 

(a) a first monomeric component which comprises one or more 
monomers which can be polymerized to forai a ciystalline 

5 polymeric moiety having an onset of melting temperature To 

and a peak melting tecaperature Tp such thatTp_- Jo-is.less.than 

TpO-7 and 

(b) a second monomeric component which can be copolymerized 
with the first component and which comprises one or more 

10 monomers containing an active chemical moiety M^ch (i) does 

not react during the copolymerization and (ii) can catalyze a 
reaction of a matrix, or can be reacted with a third component 
to form a group which can catalyze a reaction of a matrix; or 

(II) (A) providing a polymer ^^ch comprises 

15 (i) a crystalline polymeric moiety having an onset of 

melting temperature Tq and a peak melting temperature 

Tp such that Tp - To is less than TpO-7^ and 
(ii) at least one reactive group P; and 
(B) reacting the polymer provided in step (A) with a component 
20 which contains at least one reactive group T which will react 

with the group P and at least one active chemical moiety which 
(i) does not react during the reaction and (ii) can catalyze a 
reaction of a matrix, or can be reacted with a third component 
to form a group v^ch can catalyze a reaction of a matrix; or 

25 aii) 

(A) providing a polymer which contains at least one reactive group 
Q and a plurality of catalytic moieties which can catalyze a 
reaction of a matrix, and 

(B) reacting the polymCT provided in step A with a component 

30 which (i) contains at least one reactive group V M/tdch will react 

with the group Q and (ii) after the reaction, provides a 
crystalline polymeric moiety having an onset of melting 
temperature To and a peak melting temperature Tp such that Tp - 
To is less than Tp^ ^ or 
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^ (A) p»vidtag.p.lyn»r«Wchcort.im.pluraIi.yof«acav. 
groma R. v*ich iw be the am. or differettt, and 



(B) 



10 



IS 



20 



the polymer provided in step A vdth a first component 
^ch (1) contains at least one reactive group W which v^ 
react with the group R and (ii) after the reaction, provides a 
crystalline polymeric moiety having an onset of melt.^ 
temperature T„ and a peak melting temperature Tp sudi timt Tp - 
T„ is less than Tp", and with a second component which 

• ♦! reactive eroupX which will react v«th the 

contams at least one reacuve group ^ 
group R and at least one active chemical moiety which (1) does 

Z react during the reaction and (ii) can catalyze a reaction of a 
matrix or can be reacted with a third component to form a 
group which can catalyze a reaction of a matrix. 

T «vh nreferred aspect, this invention provides a method of making a 

diameter of 0.1 to 150 microns. 
U. *is me*od, for example. *e a»l«. modifyu-g ag«^ can be ^y*ied. or 

a. n»U«. n^m, agcn. can be ^ 0^!^^ *e 

cooled so UMt the modifying age« solidifies in fl» fora. of pamdes dispersed m 



25 matrix. 



30 



I II T 1 11 rn F n rrn-""" ^ invention 

In Ms specification. p«ts and p«cent.ges a« by weight, ttmpera««s are in 

^ . T T of teion »e detemdned using a DSC calorimeter (at a rate of 

•C. and T„T and heat ^ cxA is used .0 denote an n-alkyl 

umperature change of 10 CVmin). tm ao ^b,eviation Cx alkyi 

.cryl-e in «*ich the n^l g~-P '"^J.!^! rTtlH^n ..oms. and the 



nr.r^:^-^Tg.oup.Mchcon.ainsxc^^ 
"^ZL^ cx mMA U ,«d u, de«,t. n-alkyl oxyyc^nyiam-doethy. 
,5 mcthacrylates in »hich the B-alkyl group cont«nsx carbon atoms. 
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Mfitriic Materials 

The tenns "matrix" and "matrix material" are used in this specification to 
denote any material or mixture of materials with which the modifying agent is 

5 contacted. The matrix often comprises at least one solid or liquid material ^^ch 
provides a continuous phase in which the modifying agent is distributed. Such a 
matrix can include, in addition to the modifying agent, one or more other materials 
which are distributed in the continuous phase of the matrix, for example dissolved or 
dispersed in the form of particles in the continuous phase. Alternatively, for example, 

10 the matrix can be in the form of particles, e.g. a fine powder, which is blended with 
particles of the modifying agent, or in the form of a liquid or gas or solid which is 
contacted with the modifying agent, for example with one or both surfaces of a film of 
the modifying agent (the term "fihn" is used herein to include a layer of the modifying 
agent which is supported on a substrate). A matrix in the form of particles may melt 

15 at a temperature above or below the melting point of the modifying agent 

The invention is particularly iiseful for matrix materials which are polymerized 
and/or crosslinked when they are exposed to the active chemical moiety in the 
modifying agent. These matrix materials include for example cyanoacrylates, epoxy 
20 resins, epoxy novolacs, unsaturated polyesters, cyanates, urethanes, acrylics and 
phenolics. Compositions comprising such polymerizable materials are well known 
and are disclosed for example in: 

(a) Handbook of Epoxy Resins by Henry Lee and Kris Neville; 1967; 
McGraw*Hili Inc. 

25 (b) Epoxy Resins, Chemistry and Technology 2nd Edition, edited by 

Clayton A. May; 1988; Marcel Dekker, Inc. 

(c) Polyurethanes, Chemistry, Technology and Applications by Z. 
Wirpsza; 1993; Ellis Norwood Ltd. 

(d) The ICI Polyurethanes Book by George Woods; 1 987; John Wiley & 
30 Sons, Inc. 

(e) Structural Adhesives, Chemistry and Technology, edited by S. R. 
Hartshort; 1986; Plenum Press 

(f) Test Methods for Epoxy Compounds; published by the Society of the 
Plastics Industry, Inc.« Epoxy Resin Fomilations Division 

35 (g) Thermal Characterization of Polymeric Materials, edited by Edith A. 

Turi; 1 98 1 ; Academic Press, Inc., and 
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end pKKtocO. the nKxhiymg 
10 dicyandiaimde(DICY)oranannyan ^ « fester soecd. Other malrix 

diagnostic test 

^ ^ «,vlM= the sole inatcrial>vhich takes part in the chemical reaction 
chemical moiety is exposed to the matnx. 



Pff^ypieric >|4ftieties 



^yr,^ 0, ficm a nux«« of polym^ ^^'^ ^ 
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Other polymers include for example polymers in >vfaich the crystallinity results 
exclusively or predominantly fix>m the polymer backbone, e.g. polymers of a-olefins 
containing 2 to 12, preferably 2 to 8, carbon atoms, e.g. polymers of monomers 
having the formula CH2 = CHR, where R is hydrogen, methyl, propyl, butyl, pentyl, 
5 4-methylpentyl, hexyl or heptyl, as well as other polymers such as polyesters, 
polyamides, and polyalkylene oxides, for example polytetrahydrofuran. 

Even with SCC polymers, the molecular weight of the polymeric moiety is an 
important factor in detemuning the rate at which the modifying agent diffuses through 
10 the matrix, especially after it has been heated or otherwise treated to increase the 
availability of the reactive moiety. Thus in general a low molecular weight is to be 
preferred; however, too low a molecular weight may result in excessive exposure of 
the reactive moieties at temperatures below Tp. We have obtained good results with 

modifying agents having an Mn of 1,000 to 100,000, preferably 1,000 to 50,000, more 
15 preferably 1,000 to 20,000, particularly 1,000 to 10,000. Another factor in 
determining the rate at which the modifying agent mixes with the matrix is the 
difference between the solubility parameters of the matrix (5i) and the modifying 
agent (52)* Preferably the difference between 5 1 and 62 is not more than the 

difference between the solubility parameters of Epon 828 and the homopolymer of 
20 C22 aciylate. Another factor in determining the rate at which the modifying agent 
mixes with the matrix at temperatures below Tp is its crystallinity; the greater the 

crystallinity, the lower the rate. Thus an increase in crystallinity generally increases 
the stability of the composition at temperatures below Tp, but generally does not 

change the reactivity or catalytic activity of the modifying agent at temperatures 
25 above Tp. A crystallinity such that the DSC heat of fusion is at least 10 J/g, 

particularly at least 20 J/g, is preferred. The steric nature of the polymeric moiety can 
also be significant in determining the availability of the active moiety, especially 
when it is a stereospecific catalyst. 

30 It is important that the polymoic moiety should melt over a relatively small 

temperature range, so that the extent to v/tdch the matrix is contacted by the active 
chemical moiety changes sharply when the composition is heated or cooled through 
the temperature range To to Tp. The closer Tp is to room temperature (which for 

most compositions is the expected or preferred storage temperature), the more rapid 
35 the transition should preferably be. Thus Tp • Tq is preferably less than TpO-7^ 
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TABLE 1 




10 



15 



20 



25 



(typically -tu-jw /, P r cn that the modifying agent can be 

.ctivacd by iiK>dei«el««uig*oveiooiii temperature. Tplo>sP J .^^^c 
;^!p«iLuHy te« .h» rC. more pa«ic.U„.y less than 6"C. especally .ess .h» 4 C. 

py^^ 5srr iw>1vinfr mftictics 

sec polymer moieties which can be used in this invention include moieties 

acrylamides, meth^tylamides. maleimides. a^lefins, p^l <^ 
L. Poly-Physics Ed U 2197 (1980), I. Poly. Sci. Macrom.1. Rev. a. 1 H (1974). 
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Macromolecules 12, 94 (1979), II, 12, 15, Ifi. 2141, Ifi, 61 1, JACS 21. 3326 (1953), 
26; 6280, Polymer J 12. 991 (1985); and Poly. Sci USSR 21, 241 (1979). 

The sec polymer moieties which are preferably used in this invention can be 

-Y. 

broadly defined as moieties which comprise repeating units of the general fomiula | 

Cy 

where Y is an organic radical forming part of the polymer backbone and Cy comprises 
a crystallizable moiety. The crystallizable moiety may be connected to the polymer 
backbone directly or through a divalent organic or inorganic radical, e.g. an ester, 
carbonyl, amide, hydrocarbon (for example phenylene), amino, or ether link, or through 
an ionic salt linkage (for example a carboxyalkyl ammoniimi, sulfonium or 
phosphoniimi ion pair). The radical Cy may be aliphatic or aromatic, for example alkyl 
of at least 10 carbons, fluoralkyl of at least 6 carbons or p-alkyl styrene wherein the 
alkyl contains 6 to 24 carbons. The SCC moiety may contain two or more different 
repeating units of this general formula. The SCC may also contain other repeating 
units, but the amount of such other units is prefoably such that the total weight of the 
crystallizable groups is at least equal to, e.g. twice, the weight of the remainder of the/ 
block. 

Preferred SCC moieties comprise side chains containing in total at least 5 

20 times as many carbon atoms as the backbone of the moiety, particularly side chains 
comprismg linear polymethylene moieties containing 12 to 50, especially 14 to 22, 
carbon atoms, or linear perfluorinated or substantially perfluorinated polymethylene 
moieties containing 6 to 50 carbon atoms. Polymers containing such side chains can 
be prepared by polymerizing one or more corresponding linear aliphatic acrylates or 

25 methacrylates, or equivalent monomers such as acrylamides or methacrylamides. A 
number of such monomers are available commercially, either as individual monomers 
or as mixtures of identified monomers, for example C12A, C14A, C16A, CI 8 A, 
C22A, a mixture of C18A, C20A and C22A, a mixture of C26A to C40A, fluorinated 
C8A (AE800 from American Hoechst) and a mixture of fluorinated C8A, CI OA and 

30 C 1 2 A (AE 1 2 from American Hoechst). The polymers can optionally also contain 
units derived from one or more other comonomers preferably selected from other 
alkyl, hydroxyalkyl and alkoxyalkyl aciylates, methacrylates (e.g. glycidal 
methaciylate), acrylamides and methacrylamides; acrylic and methacrylic acids; 
acrylamide; methacrylamide; maleic anhydride; and comonomers containing amine 

3S groups. Such other co-monomers are generally present in total amount less than 50%, 



10 



BNSOOCID: <WO. 



.8627641 A 1J^> 



wo 9607641 



PCT/US96M0O23 



14 



10 



15 



u «««=irflv less than 25%, e.g. 0 to 15%. They may be 

particularly less than 35%. especially l«stn^ v^r^^tiesof the polymers. The 

homopolymers of C14A, C16A, 49 60 71. 76. 96 and 102«C. 

^^^^IXT^^. copo.,m«sofs»ch»»om« 
TOliing points of 10, 26, 39, 50 62, o., ^ mooomeis, e.g. 

-enerally have inteniKdiaie melniig pome. Copoljmeis w«n 

0*=r polym«s «h,ch c» p»vid. SCC moi«i« for to this tov«,tio,. 
rfsVcV polymen of n^I-«-epoxid« (e.g. the polymer of the Cu alkyl » 

°e::i^jr.T.„.--o;-.,^--^^^ 

^rt^:>::[^;fC»hexaaecafluoroaUcylacryl«..».iof.»^^^^ 
.Ikyloxazolines (e.g. the po.ym« "'^^^^ „ ^ „ aUcy. 

' ^i!:^irr^T„.s.f7«.»-s5-.esp.cav..y)."-p<.'>™- 

ob^ by reacttog a dmmcti^-. i»cy-.«. • '^■^'^'^^ 

>o having Tm's of 103« and 106*'C respectively). 

iwf«red sec polymer moieties used in this invention comprise 30 to 100«/.. 
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groups containing 12 to 50 carbon atoms, and the corresponding fluoroalkyl 
monomers in which the thermoalkyl groups are n-fluoroaikyl groups containing 6 to 
50 carbon atoms; 0 to 20% of units derived from at least one monomer selected from 
the group consisting of alky 1 acrylates, alkyl methacrylates, N-alkyI acrylamides, 
5 alkyl vinyl ethers, and alkyl vinyl esters in which the alkyl groups are n-alkyl groups 

_contaiiiing_4 to 1 2 carbon atoms; and 0 to- 15% of units derived from at least one polar - 

monomer selected from the group consisting of acrylic acid, mediacrylic acid, itaconic 
acid, acrylamide, methacrylamide, acrylonitrile, methaciylonitrile, vinyl acetate and N 
vinyl pyrrolidone. Such SCC moieties may also contain units derived from other 

10 monomers to change compatibility with the matrix, or to raise the modulus of a 
reaction product containing the modifying agent; such monomers include styrene, 
vinyl acetate, monoacrylic functional polystyrene and the like. 

The number average molecular weight of the SCC polymer moiety is preferably 
\5 less than 200,000, more preferably less than 1 00,000, particularly less than 50,000, 
more particularly 1,000 to 20,000. The molecular weight of the SCC polymer moiety 
can be adjusted (for example through choice of the reaction conditions and addition of 
chain transfer agents) so as to optimize the reactivity of attached moieties without 
substantial change in Tp. 

20 

When the polymeric moiety becomes incorporated in the final product, 
especially when it becomes chemically linked to the matrix, e.g. incorporated in a 
crosslinked polymeric structure, its presence often has an effect on the properties of 
the final product. Preferably, therefore, it is selected so as to provide improved 

25 properties, for example an improvement in tensile strength, elongation, toughness, 
flexibility, adhesion (e.g. to steel, glass, wood or polyethylene or other organic 
polymer), or resistance to degradation by moisture or other chemicals, pests, mildew, 
fungus, light or other electromagnetic radiation, heat or burning. For example, we 
have found that when a crosslinked epoxy resin is prepared using a modifying agent in 

30 which the crystalline moiety is an SCC polymer, the toughness and/or adhesive 
strength of the resin can be enhanced. In one embodiment, the modifying agent 
comprises, in addition to a crystalline moiety, a second polymoic moiety which 
becomes covalently linked, through the reactive moiety, to a polymer, e.g. crosslinked 
polymer, and vAdch imparts desired jnoperties to the final product. The second 

35 polymeric moiety may be for example an amorphous moiety or a crystalline moiety 
having a melting point higher or lower than Tp. In one embodiment, the polymeric 
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moietycoinprisesathenn<vlasticclastomcraPE)moiety 
lirretyisa«achedtothehardblock,andthesoftbloc^^^^^^^ 
^t^the^pnxluct Forexample.thcTPEcanincludcSCChani^^^^ 

^ ui 1, Th. «!rr hard blocks can for example be denved ftom SCC 

ftom oiJor more of butyl .cryla«. «hyl h«ylaayU«. «»* ^«««^ _ 

see TPE's «, >.hich acuve chemical moied« ^ ^'■"ff 

1 I !<: Patent AoolicationSenalNos. 07/773,047, 

for examole in commonly assigned UbraieniAppuwou . . ^ 

,. TOOandO,«M8^80(Dock=.Nos. 92,3.92.3-. """^''^f "^'^ 
PCTAt.icationNos.IK;T/US92/0S508««iPCT/US94/04.3Sa>K=l«.hk^^^^^ 

^ ^92.3.2.iKn^. U» *scU«««s of Which « Wa.«. h«» by «f.«K.. 

l^niT^ rhfniimi ""'Mi's 

" TT«,etected«=dve chemical n«»«y can be. ««alyiic moiety, a restive 

moiety, or ».inhibiti,«m««y. The way i»««ch a moiety behaves (i.e. as a 

^active, or inhibiting moi«y) may ^ »pon the ^- -^ ^ 
^ «, amine gr«.p may be catalytic in some ci^umstances and «.ct,ve m o*er 

„ Z^Lo^ ^ifyrr^ agent prefe^bly contains a. least 5%. pamc-ariy « 
Lt.O%.of,h.activ.chemicalmoi«y.Tl«modiiyingagentca„cotn«««»^ 
L adv. ch^nical moieties, in which case each can be a ca^V- 

„ .ach c«, be a reactive moiety one or more can be a catalytK motev and the 

<«h.r or others a reactive moiety. The active chemical moiety can cootam, fa 

« ex3mp...ni,rog«...g.asap,ima,y.seconda,y.t.«i-y<»^^ 

imidlol. or other cycUc stnKtme contitfmng mtrogen; phosphorus. e.g. as a PR3 

group where R is an orgamc n»lical: oxyga.. e.g. as a cart»xyl. ester or «mde gro,^; 
Ta me.^ or met,K«.Ling gtoup. eg. a transition metal su* » rhodtum or a ™un 
^up metal such asaluminmn«rtin.orametalaM«»ide.anached.o the polymenc 

30 moiety flirough one or moieligand groups. 

Chemicd moieties which are p«ticutariy useM in tins invention include 

amines Cmctading primary. s»»nd..y. terfary and quaenuuy amines, and 
betaocyclic amines sud. as imidazoles): carboxyl groups; sulfonate ^ups; 
„ ^^1- man. group metals, including tin; transition metals, includmgnamum 
" S::S;.^ri(C2H4)2RhCll2.andace.yl«etonateest..sof^^ 
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metals; enzymes; superacids; metal alkoxides; UV-activated moieties, e.g. 4- 
vinylbenzophenone; Michler's ketone; and acetophenone; and groups which are 
converted into such groups when the modifying agent is used. 

5 Mndifviny Agents rnntaining Catalytic Chemical Moieties 

The invention can make use of any modifying agent in which a catalytically 
active chemical moiety is bonded to a temperature-sensitive polymeric moiety. 
Reactions which can be catalyzed by such modifying agents include polymerizations, 

10 e.g. polymerizations of one or more olefinically unsaturated monomers (particulariy 
one or more olefins, optionally with one or more substituted olefins), and ring- 
opening polymerizations, hydrogenations, hydroformylation reactions, enzyme- 
catalyzed reactions (e.g. in the production of foods, including cheese, and 
pharmaceuticals, in medical diagnostic procedures, and in the treatment of waste 

15 products), oxidations, reductions/etc. The catalytic modifying agent can remain in 
the catalyzed reaction mass, or, in a preferred embodiment, the catalyzed reaction 
mass is one \^ich is fluid i^le the reaction is taking place and remains fluid when it 
is cooled and/or treated in some other way, e.g. by addition of another ingredient, so 
that the cataljrtic modifying agent precipitates out as a solid and can be removed, e.g. 

20 by filtration or centrifuging. The recovered catalytic modifying agent can then be 
used again. The modifying agent can optionally be retained in the reaction vessel by 
filtration within the vessel, to which fresh matrix material is then added before heating 
(or otherwise treating) the modifying agent to reexpose the catalytic moieties. 

25 One example of a catalytic modifying agent is one obtained by attaching 

rhodium (a transition metal) to a polymer prepared by the technique disclosed in 
JAGS ]M 264 (1978), Stille et al, the disclosure of which is incorporated by 
reference, using a monomer like CI 8A or C22A (or other SCO polymer precursor) in 
place of the styrene or hydroxyethyl acrylate used by Stille. The resulting modifying 

30 agent could be used, at a temperature above T,^ to catalyze a reaction, for example the 
hydrogenation of an alkene, e.g. hydrogenation of a-N-acylaminoacrylic acid to the 
corresponding amino acid. 

Another example of a catalytic modifying agent is one containing an enzyme, 
35 for example an enzyme attached to the polymeric moiety through formation of a 

Schiff base (e.g. through reaction of a primary amine on the et^zymc with an aldehyde 
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group oa*.polym«.fe,«--pl.».»ni.d«^»«fc>m.cn.lein.«^^ 

which.«.w»P«««*<'«T,,but..t«.«mp«.»r. below T,. 

5 change from white to blue. 

Another «m|rfe of a c«alyd= modifying a»em is o« confining . ftee 

««ion with an ing^Uent of the matrix maten.1 or (b) « . of 0) tte 
,. n^chexposes,he.c.ivech«mc.lmoi=.yor(«)a««her«.«mem^« 
r^the,n.trixma.erialca„b..pho«>polymeriz.blep.lym.r«compos..«»«^ 
'u::S:;chemica.moi«,c».bea*een.aie..initi«or. Sucbac»^«Un». 

polym«ize when exposed u> light while fl» modifying agent B m 
C^orwhenthe composition ishe-ed in Ae.b,««ofUght.bu.>«lll«ly^^ 
„ Dywh.nexposed«,ligh.whi.ei.isb«nghea.edor.fte,Uha,be«^The 
^fying .gem conunn only the active chemical mo«fy wtach .s needed u> 
:L^.l^lction„i.«.nin.ddhi«.c««.h,.reaeavegr..,...ha.«becm.s 

chemicaUy bonded to the matrix material. 

„ ^,nrti li--f r nr"'-— "-^'^ M"*^" 

Thisinventio.canmakeuseofanymodifyingage«mwhich..eKtive 

chemicTmoiefy is bo.d«i «> a temperamre-sensitive polymeric moiety The r«u«, 
mZr=acts.lfonnsap«m««..chemicalbo.d.wi,ha.tea,.one.ngr«i«mof 

a Ok matrix in which the motfifying agent is distributed. 

Examples of reactive chemical moieties. «k1 monomers ftom wWch *ey may 
be d.riv«i. include (a) isocyanato [as in isocyanatoethylmeOiacryU,. (^^^ 
L-cryloylisocyamde (MAI) «id isopropenyl dimethyl benzyl isocyanue (TVfl)), 
^^in m-dclydride and itaconic anhdride]; (c) »:yl hahde as 
mL^loyl chloride and acyloyl chloride); (d) aldehyde [as m a^lem and 
:^ly. (e, hydtoxyl [as in hydroxy ethyl "^^^T^ 
hydroxy butyl acylate or mcthacrylate); (f) alkyl or ao^l '^f^^"''^^^ 
LJ^ fVBOl- (g) >mii<i« l»» i» acrylamide and methaco-lamidej; (h) amine. 
„ ^^^LdJn«.edheterocyclicamine[asindim^a^ 
^1«. or methacryUte. vinyl imidazole and H2-amino.thyl)unidazole a«ach«i 
fl„o«gh lEMAl; (i) carboxyl [as in acryUc or m«hac.ylic acid]; 0) pr««y « 
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secondary amines [as in triethylenetetraamine connected through lEMA or GMA or 
maleic anhydride]; (k) epoxide (as in glycidyl acrylate or methacrylate )GMA)]; (1) 
mercaptan connected through multiple bonds; (m) azo and peroxy [as in 4,4*-azobis 
(4-cyanovaleric acid) or 4,4 *azobis (4-cyanovaleroyl chloride) connected through 
5 HEA]; and (n) carbamate and urea [as in amino functional and hydroxy functional 
compoimds, e.g. lr(2Taminoethyl)iinida2ole and l-(2-hydroxyethyl)imidazole 
connected through lEMA]. 

The present invention is particularly useful for the provision of compositions 
10 comprising two or more ingredients which will react with each other at a rate which is 
comparatively slow (and preferably negligible for practical purposes) below a particular 
temperature, but which will react with each other rapidly when the composition is 
heated to a temperature which is above, but not necessarily far above, that temperature. 
Such compositions can be stored for extended periods below that temperature, but will 
15 react rapidly when heated above that temperature. Compositions of this kind are often 
referred to as "latent", "one part" or "one package" formulations. Preferred 
compositions of the present invention (whether the modifying agent contain a reactive 
or a catalytic chemical moiety) can be stored for at least 1 month, and preferably at least 
6 months, at 40*'C without doubling in viscosity, but will cure, preferably at a rate such 
20 that they do not flow in at most 1 hour, when heated to a temperature substantially over 
Tp. They are particularly useful as adhesives, coatings, compositions for impregnating 

fabrics, e.g. glass fiber fabrics, to produce materials often referred to as ••prepregs'% 
compositions for creating foams, and compositions for use in reaction injection molding 
(RIM) and sheet molding compound (SMC) applications. The matrix materials in one* 
25 part formulations may be for example epoxies, epoxy novolacs, cyanates, isocyanates, 
urethanes, acrylics, phenolics, cyanoacrylates, silicones, unsaturated polyesters, 
polysulfides, and other precursors for thermoset polymers. 

The reactive modifying agent may alternatively or additionally prodtice a color 
30 change in the matrix, by bleaching it or by reacting to form a leuco dye or other 

colored pixxluct, e.g. as part of a medical diagnostic system, for example a system in 
v^ch an en2yme reacts with an active chemical moieQr, or an enzyme (as the active 
chemical moiety) promotes or inhibits a reaction of the matrix. For example, the 
active chemical species may react to form an intensely colored species, as in leuco dye 
35 formation as applied to colorimetric indicating systems. ' 
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Although the modifying agents are particularly useful in one-part 
fonnulations, reinvention includes their use inproc^ 
^^t^orthefinishedproductisaddedduri^ 
increases the avaihibiUty of the reactive chemical motcty. 

^^^^^ ^^^ A»>nt. r nntniniw T»»»iKitinn rhrmiral Moirti« 

•nus invention can make use of any modifying agent in which an inWbiting 
chemical moiety is bonded to a temperature-sensitive polymeric motety. The 
,0 ^utgmoielreducestherateofachemicalreactionofthe^ 

^IfreJ^ting prefe^ntially with an external agent or matenaU e.g. oxyg«.^^ 
^1, or a biologically active material, which would otherwise react wt*^e m^x, 
and th^s inhibit reaction between that external agent or matenal and the mamx Tlie 
"tmal agent or material can be present atthe surface of the matr^c^^^^ 
, ^^dlthematrix.Forexample,thereactivemoiety«mac^^^ 
Lbicide. mildewcide, fungicide, bactericide, disinfectant. 
fcrtUizer. flame retardanl or ultra-violet stabilizer. 



20 
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30 



]y [|vtiireRof Mm1itVf"g 

Tv«, or more modifying agents c» be used «.ge*er. differing in *e «tive 
chemidmoietyorthepotymericmoietyorbotb. When the polymenc mo,et,es 
^rnUn can ^Team^l out in one step a. . t«npe«ure above the 

of both (or aU of the) modifying agents, or in r«. or more 
i^g(ordecreasing)t«npcran«s selected to activauo^ or mo«^ 

^ing ag«.ts. In this way, for example, a first »..pc.nbecam»i«« w.h«» 
:r^ o! Itam at a desi.«l concentration. ««. a second step v^th the s«ne «^ 

^^,atahigher(orlower)co„c««.«ion.or«i.htheftstca.-ys.or«ac.»« 
1~ dcaXstorreaCam. When a c«a.yst is used, the second ca^yst can 
:l^sameLtion.sthefi.stca.a.ys.oradifl^.e.etion:«^^ 
^s^nd catalyst can be-acoocenBation such th- the reacuoncataly^d by .he 
^^ystisiLbitei Webeiieveth^suchmixh-esmaybepartKularlyusefUlm 

medical diagnostic kits. 
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nnnd Between the Polymeric and Active Moieties of the Modifying Agent 



The strength of the bond between the poljrmeric moiety and the active 
chemical moiety is an important factor in determining the rate at which the matrix is 
5 contacted by the active moiety. Generally, the stronger the bon4 the less the contact 
aUemperatures below Tpv and the better-the storage sta^^^^ On the 

other hand» weaker bonds may promote rapid reaction near and above Tp. Covalent 

bonds are generally preferred, particularly those having a bond strength of at least 10 
Kcal/mole, because they do not undergo reversible disassociation (as do ionic and 
10 Van der Waal bonds), and, therefore, provide better storage stability. However, 
modifying agents in i^ch the bonds are partially covalent and partially ionic, or 
ionic, can also be useful, especially if the required latency period is short. 

Physical Fomi of the Modifying Agent 

15 

The modifying agent is preferably in the form of solid particles which are 
uniformly dispersed in a solid or liquid matrix. The smaller the particles are, the 
easier they are to disperse and maintain in a uniformly dispersed state. On the other 
hand, the smaller the particles, the lower the ratio of active chemical moieties hidden 

20 within the particles to those exi)osed on the surface of the particles, and the less the 
potential storage stability of the composition. This ratio decreases as the size of the 
particles decreases and also is higher for spherical particles than for particles of other 
shapes. It is, therefore, preferred to use substantially spherical particles having an 
average size of 0.1 to SO, particularly 0.1 to 25, especially 0.1 to 10, microns. 

25 Preferably each of the particles is within these ranges. Suitable particles can be 
produced by known techniques, including spray drying, impact pulverizing, and 
agitation in a fluid followed by cooling to freeze the particle size. If the particles 
employed are not spherical, preferably their ratio of external area to volume 
corresponds to these ranges. 

30 

The modifying agent may also be in the form of a film, which may be self- 
supporting or a layer on a support. 
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Fi liifivr Ammmr!-^^"^^^^"^ ftiymt and Matrix 

The leladvc amounts ofmodifting agent and matrix niayva^ 

,,,pen^o?^concentn«io«ofthe active Chemical 

aepenoing uu ui«^ •««,K;-i^^ and the desired result 

'^<*«^'^'^"'''^^.Z„{ Wten the «:tiv. chemical moiety is. 

T^e modifying agentcanhecontac^^^^^^^ 

,5 -me resultmg composition is then mamtamed at a temperamre below p 

,5 The resuiung ^ ^j^g 3^ the 

comes to promote or mhibittnecnemicaiica ♦^^t*^ Kv the active 

^ ^ • *u--w*nt to vAiich the matnx IS contacted by tneacuvc 

^-.Hnn Headiw can be effected by external he«ing, eg. by radM« heat 
T"h« ri.!nry hrgenerated i«en«Uy. eg. '^^^ 

. :sr>«::^o:-.in/^c<«positio.m.yc«^^ 

" a arterial v*ich is s.lect«l to provide « enha«e soch he«mg. e.g. 
^^nbUcKdispe^edintheco..^.^-^;^^^ 

„ «i^™^. ,fdesit.d..hecompositionc«,beagitatedorothcn«set,ca^ 
LgorLrtheh.«i-g.in«dertoi»c«.sethe»te«which.heact.vechem.cal 

moiety is exposed to the matrix. 
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rnaddirives 

The compositions of the first preferred aspect of the invention, which comprise 
the matrix material and the modifying agent, can contain one or more other 
5 ingredients which have a useful effect, and which are referred to herein as coadditives. 

For^exampte, such an_ingredient_can (a) help to achieve good distribution of the-solid 

modifying agent in the matrix material and/or reduce the time needed to distribute the 
solid modifying agent in the matrix; (b) help to stabiliase the composition before the 
treatment which exposes the active chemical moiety; (c) have a desired effect on the 

10 manner or extent to vAnch the active chemical moiety is exposed by such treatment; 
(d) have a desired effect on a chemical reaction which takes place after such 
treatment, e.g. to increase the rate of reaction and/or to lower the temperature at which 
the reaction takes place; or (e) have a desired effect on the product of such a chemical 
reaction, e.g. on its stability or its physical characteristics such as strength, toughness, 

15 flexibility, color or surface smoothness. A single coadditive can perform two or more 
of these functions. The total amount of coadditive is preferably 0.05 to 50%, based on 
the **formula weight". The term "fomiula weight" is used herein to denote the 
combined weight of the modifying agent and the matrix, but excluding any non- 
reactive, e.g. inorganic, fillers. 

20 

Specific examples of useful coadditives are (a) partial salts of acidic 
polyesters, e.g. the material sold under the trade name W-990 by Byk Chemie; (b) 
methylalkyl polysiloxanes modified by polyethers, e.g. the material sold under the 
trade name A-S30 by Byk Chemie; (c) phenols, including n-alkyl phenols in which 

2S the n-alkyl group contains 6 to 20 carbon atoms, e.g. nonyl phenol, 3-pentadec-8-ene- 
1-yl phenol, e.g. the material sold imder the trade name NC-700 by Cardolite, and 
bisphenol A, (d) glycidyl ethers of phenols, including the phenols just noted, 
including. 3-pentadec*8-ene-l-yl phenyl glyciidyl ether, e.g. the material sold under 
the trade name NC-513 by Cardolite, and nonyl phenyl glycidyl ether, e.g. the 

30 materia] sold under the trade name Heloxy Modifier 64 by Shell Chemical; (e) 
polyfimctional epoxy resins, including oxirane, 2,2X(l-niethylethylidene)bis(4,l- 
phenyleneoxy(l-(butoxymethyl)-2,l-ethanediyl) oxymethylene))bis-, e.g. the material 
sold under the trade name XB-4122 by Ciba-Geigy, 4-(8-(4-glycidyl phenyl) 
pentadecanyl) phenyl glycidyl ether, e.g. the material sold under the name NC-514 by 

35 Cardolite, 4-(pentadecan-8,9,oxo-l-yl) phenyl glycidyl ether, e.g. the material sold 
under the trade name NC-551 by Cardolite, and the polyglycidyl ether of an alkenyl 
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Z ^^n^-3Wunion Carbide; (g) qua«n>3.y alkyl »mmo»«m 
trade name Tergnoi j oy wt" benzyl dimethyl 

K,Hd« ea di-hexadecyldimethylammomumchlonde and alkyl benzyl o^^ 

halides e.g. ^ hem y ^ ^.^ ^ Other 

Detergents. 

Many of the useful coadditiyes are surface active agents comprising (a) one or 

include non-polar groups such as aUcyl. nuoro ' ' ^ ai^ 

„ *«aUcy.gro«pco,««»«leas.«.p..f»*^«.l«^^^^^ 

ispreferablyann^ll^up- ^^-T^lT^'iri^y^^i^onorcrossi™^^ 
n»wiBl. eg. *e group or gmups «tach take part m • P"'^ „ 

^ fl« solid .nodi^ ag". » «P<»«^ 

k»^«.w1 csarboxvl amine, ammomum, ether ester, amiae. suiiu 

hydrophilicity to lipophiUcity) less than 10. 

One class of coadditiyes can be classified as yiscosity-reducii^ additive;. 

materials v^ch are epoxy resm precursors, suita 
« 1 ^^MvT , alkvl elycidyl ethers, nonyl phenyl giyciayi cm 
alkyl, preferably C,2.,4 aiKyi giy y 

fetty acid diglycidyl ester, e.g. the matenals ^^^^ '"^^^^ ^ sheU 
X4n^iifi«r 8 Heloxy Modifier 64 and Heloxy Modifier 71 respecuvely oy aneu 
Modifier 8. Heioxywooii materials sold under the trade names 

35 Chemical; epoxidized alpha olefins, e.g. the matenals sola un 

^oxl4»dVikoloxl8byElfAtochemNorthAmenca;oxuane.2,2<(l 
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methy lethy lidene)bis(4, 1 -pheny leneoxy ( 1 -(butoxymethy l)-2. 1 - 
ethanediyl)oxyinethylene))bis*, e.g. the material sold under the trade name XB-4122 
by Ciba-Geigy; and 3-pentadec-8-ene-I-yl phenyl glycidyl ether, e.g. the material sold 
under the trade name NC-513 by Cardolite and 4-(8-(4-glycidyl phenyl) 
5 pentadecanyl) phenyl glycidyl ether, e.g. the material sold under the name NC-514 by 
Cardolite; and 4-|^ntadecan-8,9,oxo- 1 -yl) phenyl glycidyl ether, e.g. the material 
sold under the trade name NC-5S 1 by Cardolite. 

Another class of additives can be classified as melt flow agents. These 
10 associate with the modifying agent so that it flows more easily after it has been treated 
to expose the active chemical moiety. The melt flow agent can for example plasticize 
the polymeric moiety so that the polymeric chains are more mobile. In one 
embodiment the polymeric moieties tend to form hydrogen bonds with each other, 
and the melt flow promoting agent is a compound which forms hydrogen bonds with 
IS the polymeric moieties, thus reducing the extent of the hydrogen bonding between 
them. Melt flow agents can be used in amount 1 to 50%, e.g. 5 to 20%, based on the 
formula weight. Examples of melt flow agents are dioctyl phthaiate, dioctyl adipate, 
stearamide, butyl acetate, epoxidized soybean oil (e.g. the material sold imder the 
trade name Vicoflex 7170 by Atochem), n-ethyl-o,f>-toluene sulfonamide (e.g. the 
20 material sold under the trade name Santicizer 8 by Monsanto, and the material sold 
under the trade name NC700 by Cardolite. 

Another class of additives can be classified as compatibilizers. These improve 
the compatibility of the modifying agent and the matrix material, and thus allow more 

23 intimate contact and mixing. Compatibilizers are preferably used in amount 1 to 50%, 
based on the formula weight. Examples of compatibilizers are block copolymers 
comprising units derived fit>m one or more alkyl acrylates and one or more glicidyl 
ethers, e.g. a block copolymer of tetradecylacrylate and phenyl glicidyl ether; block 
copolymers comprising units derived fix>m one or more alkyl acrylates and styrene, 

30 e.g. a block copolymer of tetradecyl acrylate and styrene; and epoxy novolacs, e.g. 
that available under the trade name NC-547 from Cardolite. 

The effect produced by a particular coadditive will depend upon the amount 
thereof, the matrix material and the modifying agent. However, those skilled in the 
35 art will have no difflctilty, having regard to their own knowledge and the disclosure in 
this specification, in selecting suitable coadditives. 
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to 



IS 



are many synthetic routes by which modifying ^cnts u^fijl in this 
II I iiniir Mnfl— ^ I, Hill 

compounds, many of v*ich a« *«n«lves "'^^TTof fijproducts which can 

^ panicular fonn in which *.y a« ^ "^'^ 

be p^pared by *e pn=sen. invennon nKlud. (. » " ^ „ 

-cncapsuiamfo^ana^uic-c^ ^ 
b. plated or cKhcd. esp«»lly « I**"^ . gjup which will ac. as an 
polyn^ric maerial having oov.l«tty *^ ^stafecun., deodorizer, 

(U) «. «ih«ive; (X) a ---PT'*'^^^ (xTv alr^orcing number, 
tafo^adon s««.ee medium; (x...) an °*op«l'C <" ' 

- o o »n enoxv ETaphite composite; (xvi) a pami or a wau« e 
(XV) «~-P°^^^^'"f-JJ^^^^^ an electrically 

(including an enamel pamt) ) a Po coating on a wire or a 

insulating coating on a conductor, e.g. an epoxy or pu jr 



25 coil. 



30 



35 



fi«J products, and their hea.*liv«aWe pr««rsors, form p«^ 
These final prooucis. myriad known uses for epoxy resms, 

present inv^ttic ^"^"^^T^^Zr^hanes or the like. Such known 
e... as adhesive, ^^^'^^^.^^o^^ics, and use of prepregs 



adhesives. 
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EXAMPLES 

The invention is illustrated by the following Examples. Examples 1-11 show 
the preparation of modifying agents, and are summarized in Table 2 below. Examples 
5 A-X show the use of the modifying agents (Examples C, F, G, H, lA and IB being 
comparative Examples), and Examples A-J are summarized in Table 3 below. - 

The ingredients (and amounts thereof in grams) used in Examples 1-6, and the 
properties of the products, are shown in Table 1. The following abbreviations are 

10 used in the description below and in Tables 1 and 2. C22A is docosanyl aciylate; 
CI 8A is octadecyl acrylate; C12A is dodecyl aciylate; HEA is 2- 
hydroxyethylacrylate; CIM is methyl methaciylate; MA is maieic anhydride; AA is 
acrylic acid; lEMA is isocyanatoethyl methacrylate; DMAEA is N,N- 
dimethylaminoethyl acrylate; VDP is vinyldiphenyl phosphine; LDA is lithium 

15 ditsopropylamide; CDP is chlorodiphenyl phosphine; TBT is tri-n-butyl methacrylate; 
AMZ is l-(2-aminoethyl)-2-methylimidazole; API is l-(3-aminopropyI) imidazole; 
DABCO 33LV is a 33% solution of diazabicyclooctane (DABCO) in an oil carrier 
available from Air Products under the trade name DABCO 33 LV;AIBN is azo bis 
(isobutyronitrile); TAP is t-amyl peroxy 2-ethyl hexanoate; BPB is t-butyl 

20 peroxybenzoate; CBr4 is carbon tetrabromide; C12SH is dodecane thiol; Mw is 

weight average molecular weight; Mn is number average molecular weight; DGEBA 
is the diglycidyl ether of Bisphenol A available from Shell under the tradename Epon 
828; Pluracol is a hydroxy-terminated polyether available from BASF under the 
tradename Pluracol PlOlO; Isonate is 4,4 -methylene bis(phenylsocyanate) available 

25 from Dow Chemical under the tradename Isonate 143L; DICY is dicyandiamide; Ex 1 
is the spray-dried product of Example 1; similarly Ex 2, 3 and 4 are the spray-dried 
products of Examples 2, 3 and 4, respectively; 2X Viscosity is the time (in days unless 
otherwise noted) which the composition takes, at the indicated temperature, to double 
in viscosity. 

30 

In Example 1, a reaction mixture of C22A (180 g), lEMA (120 g), CBr4 (10 g) 
and AIBN (3 g) in toluene (700 ml) was maintained at 80^C for 1 6 hours under 
nitrogen, with stirring. Excess AMZ (107 g) toluene (350 ml) and THF (100 ml) were 
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^ -^^^ W the mixture maintained at 4()-50''C with 
then added to the reaction mixture, anfl me mixnireiHo- 

7^ After the mixture had cooled to room temperature, 

"^'r lived ftom C22A. about 27% denv«l 

S:."^^ S^al vlu^ of To and AH. as «po«d inTabW .. couW^ 

^ 1- nrftHuct- e E by maintaining It at 40-45''C for 

toc^ised substtntially by «»ealmg the pK.do^ "^5^ ^ 25 hours. 

.„d THF. and the soludon was spray dried u. yield partfcles of si» less tha« 5 
1 5 microns (0.05 ram). 

to Example 2. sul».a.«ia«y the s-ne p«>eedure as in E»mple 1 was f.llo,«ed. 
using the ingredients shown in Table 1. 

In E«mole 3 a ie«tion mixture of C22A (75 g). DMAEA (25 g). AIBN (1 

fiHe,ed.dri«i under .«iuced pressure, redrssolvedmCHCb, and ^y«. 
Substantially the same procedure was followed in Examples 4. 5A. 5B. 5C »Ki «. 
25 using the ingredients shown in Table 1. 

to Example 7A. a monomer solution of (32A (58.61 g). CIM (S.60 ^. MA 
0 5 67 I) in toluene (67. 1 2 g) was prepared a. 50^ under a mtrogo. atrnos^ and 

slI;edwithmtrog.nfbrfift.«.min«.e,. A stainless steel reactor was heated «, 
30 iiO°Candspargedwithnitrogenfor20mimites. 

The monomer sohitioB was added to the steel nactor over a period of 1 5 

^nutes^le-the sametimeTAP (0.60 g) was pump«i into the reacjor to mruate 
After two hours the solv«,. was removed under reduced pressure. 
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A 500 ml three-necked round bottom flask was equipped with a mechanical 
stirrer and a Dean-Stark water separator The flask was charged with 363 g of the 
copolymer and 150 ml of toluene and heated to about SO^'C . AMZ (8,76 g) was 
added dropwise to the copolymer solution. The reaction mixture was heated imder 

5 reflux* distilling the toluene-water azeotrope, for about 1 8 hours. The reaction 

mixture was added slowly to one liter of ethyl alcohol to coagulate the polyiher. The 
solid was collected by filtration, washed with ethyl alcohol and dried imder vacuum 
at 50'*C for 16 hours. Elemental analysis showed 17% active imidazole. 
Poly(docosanyl acrylatc-co-methyl methacrylate-co-N(ethyl-2-(l-methyl-(2- 

10 methyl)imidazolino))maleimide characteristics are provided in Table 1 . 

The modifying agent was reduced in size to 5 micron average particle size 
using an air milling process. 

IS In Example 7B, the same method was used as in Example 7A except that the 

addition of AMZ was performed below 50^C with stirring for 2 hours to form the 
amic acid. Then the polymer was precipitated from methanol. The material was 
dried imder reduced pressure. This material wets the matrix faster than the material 
fi-om Example 7A and yields glossier cured specimens when storage stability 

20 requirements are short. Particles were prepared with a particle size of about 5 microns 
by use of an air mill. 

In Example 8, the same copolymer consisting of C22A/C1M/MA was 
prepared. In this example the three-necked roimd bottom flask was charged with 1 7.3 
25 g of the copolymer and 95 ml of toluene and heated to about 50*^C . API (4. 1 6 g) was 
added dropwise to the copolymer solution. Elemental analysis showed 1 8% active 
imidazole. Poly(docosanyl acrylate-co-methyl methaciylate-co-N(propy!0-(l- 
imidazolino))maleimide) characteristics are provided in Table 1 . 

30 The modifying agent was reduced in size to 5 micron average particle size 

using an air milling process. 

In Example 9. a solution of C22A (62 g), VDP (25 g), BPB (1 .74 g) in 100 g 
toluene was prepared under a nitrogen atmosphere and charged into a 500 ml round 
35 bottom flask with a stirrer. The mixture was placed in a luting oil bath at 1 1 O^C, and 
stirred under nitrogen for 12 hours. The reaction mixture was added slowly to 1 liter 
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... . - .^mno to coaauiatelhe polymer. The soUd was 

SO-C. Bemenul analysis showed 2.7% acovepn p 
vtoyWiphenyl phosphtoe) chancwistics m p-ovM m TdJe 1. 

toExaniptelO. .sch«i».f C22A(.5. 8).HEA (41.6 g). mSH(8^ 

AIBm4g>«™ ..V^„_wi^ sparged with nitrogen for 20 nun^ 
eonuining a magnetic somng bar ano sparge Th-mction 

polymer. Uie soUd was coUecled. washed and dned as descnliea I 

A mixtu^ of . 50 g of C22A«EA «.d 300 m. dry .et,-.y^fi™ 
charg«iin.o.500ml.oundbo«omfl.skund=rm.rog«.atmosphe,e. -^J^J^ 

„ rLdh..wa»h«H.om^«.J^-^^^ 

mixture was suncua cri«-d for 12 hours. A small amount of 

r^TsotrrLnrrr^^Btieh^ 

^ C^^r»Tu.«of methyl alcohol with stirring to precipiute the polymer.^ 
" ^^.l-^washedanddHedasdescribeainExample^E^ 
^wed 2.7% active pbosphinc. Poly(docosa„y. -'V'a«--^P''««y>- 
phosphinoxy)ed.yl acrytate) ch»acterisUcs are provided m Table I. 

,„Examp.en,asol«a„nof5«g^»^^^»;*^ 
^ethacryl^e. 4 g dodecyl ""^J^^^^'l^rJ^^en for 20 

t!^.^3^ slowly .0 1.5 lit«s of ac^one with vigorous sdmng 
snmng. The .«ctioo was ^ ^^^^^^^^^ 

,0 to precipitate the polymer. ^"^^^^ Hem«,tal analysis 

and dried under vacuum at ivproxmiately 50^ tor Jxnouii . k,«„hi„ 

^Idd^d^tincontentwas 14.9V. P,ly(docosanylacryla..^tn*bn,yl«n 
meUiaciylate characteristics ate provided m Table 1. 

„ • Table 2 sl»wsing,edi«« quantities in grams, except as indicted otherwise. 
The compositions of the modifying agen^ are shown as % by weight. 
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TABLE 2 



8 

O 

LU 

-J 

i 

UJ 
CD 



Example 



iBgredienti- 



C12A 



C18A 



C22A 



CIM 



MA 



HEA 



lEMA 



DMAEA 



AMZ 



API 



LDA (2M) 



CDP 



VDP 



TBT 



TAP 



BPB 



AIBN 



CBr4 



CI2SH 



Product 



%C22A 



•AC12A 



9iIEMA 



% DMAEA 

%C1M 
VoMA 



180 



120 



107 



10 



SI 



27 



240 



60 



10 



71 



16 



75 



25 



75 



25 



85 



15 



85 



15 



5A 



75 



25 



88 



12 



5B 



5C 



7A&B 



85 



70 



70 



58.61 



58.61 



62 



8.60 



8.60 



15.67 



15.67 



15 



30 



30 



8.76 



4.16 



25 



10 



II 



50 



158 



41.6 



135 



59.5 



50 



0.60 



0.60 



0.80 



1.74 



0.5 



57 



57 



62 



56 



50 



92 



8.3 
15^ 



8.3 
15.3. 
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20 



to E»mples A «. X. some of the modifytag ag««s p«pare<l in Examples 1 » H 

_„,™.ric resins For Examples A «o J, the ingredients 
were used to prepare crosshnkedpolymenc resins, rorcxamp 

,«d. and *e pn.pe.ti.s of the resulting products. «e summar^ed m Table 3. 

to Example A, the modiiyiog ago., of Example 2 (contatoing^ ffiMA»d 
AMZ 13%) vJhand mix«i with DGEBA ,0 give 5 parts (phr) of AMZ per h«.*»^ 
^oJ JebA T*.resul.ngmixnneco«.dbes.ored(did«..^.»^ 
25-C for more than 120 days and at 40-C for more than 60 days. When heated a 90 

ZlZc. the composition reach«l the isogel point in less th-i rS. less .h» 5. 
2,r^r2. .mmutes^peedvely. Whenhe^edfromSO'to .20^a.aheanng 

r.0^ perminure on aRheometrics mechanical spectrometer, the compo«uon 
^1 e^c modulus of more than lO' dyn/cm^ and a viscous modulus of more 

Z^Zt^l^Umimnes. '^^^"ZT^Z^uZcZZ 
onaDSC,*ecureexoth«mpeakcommenced«132-C. hadapealca,14« Candhad 

a heat of reaction of 350J/g. 

to Ex-nple B. the procedure of Example A was followed except tot the 
,^^of Example 1 (containing C22A. mMA and AMZ^ '^''rT' " 
IZ3,lof AMZ per lOOpartsof DGEBA -^-^J ™ 
Tubte in viscosity a. 25-C for more than 1 20 days. « """^^ ^« , 
Lhanical spectrometer data at 1 5 minutes and the DSC data «e shown m Table 2. 
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In Example C, which is a comparative example, DGEB A was mixed with 
AMZ (S parts per hundred). When maintained at 25*^C, the mixture solidified in less 
than 2 days. The DSC data are shown in Table 2. 

5 

Jn Examples D and E, DGEBA was niixed with the modify^^ 

Examples 3 and 4, respectively. The resulting mixture did not double in viscosity at 
IS^'C for more than 120 days, or at 40''C for 60 days. The mechanical spectrometer 
data at 1 S minutes and the DSC data are shown in Table 2. 

10 

In Examples F, G and H, which are comparative examples, Pluracol(21 g) and 
Isonate (S g) were mixed together, and to the mixture was added (i) in Example F, 
nothing, (ii) in Example G, 1 .6 g of DABCO 33LV, and (iii) in Example H, 4g of a 
spray-dried mixture of a copolymer of C22A and acrylic acid (85/15), 67 g, and 
15 DABCO 33LV, 46 g, so that the mixture contains 13.4% DABCO. The results of 
storage at 25^C are shown in Table 2. 

In Example I, 15 parts of the modifying agent of Example 7, corresponding to 
2.6 parts AMZ, were mixed with 100 parts of Epon 828 epoxy resin and maintained at 
20 40*'C for 23 hours to test the latency of the polymer bound catalyst for use in curing. 
The polymer bound catalyst was tested for use in curing the epoxy resisn by heating 
the formulation at 10**C/min from 30 to 300''C. The C22A/ CIM/ N4A-AMZ in Epon 
828 exhibited less than a 10 percent increase in viscosity after storage at 40^C for 3 
months. Results are shown in Table 2. 

25 

Anhydride cured epoxy resin systems were prepared fh>m either (1) 5.9 g of 
the modifying agent of Example 7 and 102 g Epon 828 and 80 g methyltetra- 
hydrophthalic anhydride (MeTHPA) or (2) 100 g Epon 828, 80 g MeTHPA and 1 g 
ANfZ. Both systems were shown to cure to hard thermoset plastics on heating as 
30 demonstrated by DSC. However, whereas system (1 ) did not double in viscosity for 
at least four days at 40^C, system (2) was a hared glass in less than one day. 

Furthermore, some improvement in casting clarity was obtained v/hen the 
modifying agent was premixed with the MeTHPA prior to mixing with Epon 828 over 
35 mixing the modifying agent into the Epon 828 alone or into the Epon 828/ MeTHPA 
mixture. 
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10 



15 



When the modi^ agent of 7B v«s employed in fonnulations >vith the Epon 

^^^yieWedWgherqualitycoatings^^ 
828 resin, the formulation yieiaea ^ J .^^^ ^ 

wet the resin fester than the less polar analog. 

In Example J a formulation of 6.2 parts of modifying agent of Example 8. 
In Example , a t ^^^^^ ^^8 epoxy resm 

cor^pondmgto Y pam o^^^ the polymer bound catalyst 

aridmaintamedat40 Cjor^ho^^^^^ for use in curing by heating 

for use m cunng. The moaiiying agcuui«»« ^^roo/^l 

L comp<»iao. at 10«CAmn ftom 30 «> 30(lfC. A fom.»l«.»of 15 p«t. of C22A/ 

viscosity after storage at 40'C for 3 months. 
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EXAMPLE 


A 


B 


C* 


D 


E 


F* 


G* 
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Ingredients 






















DGEBA 


Yes 


Yes 


Yes 


Yes 


Vac* 

Yes 












Epon 828 - 


















I cs 




Pluracol 
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** 


-= 








O 1 

21 


O 1 
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Ex 1 




Yes 


















Ex 2 


Yes 
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Ex3 











Yes 














Ex 4 
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• 





Yes 












Ex7 
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Vac 

X es 




Ex 8 
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- 
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yes 


AMZ 


- 


- 


Yes 


- 


- 


- 


— 
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*• 


• 


API 


- 


- 


• 




• 












DABCO 33LV 














1.6 








A/A A/DA RCO 
















4 


• 




AMZrohr) 


5 


3 


5 










_ 


2.6 




API fohr) 




















2.7 


DMAEA(phr) 








5 


5 








• 


• 
























2x Viscosi^ (days) 






















at25''C 


>120 


>120 


<2 


>120 


>120 


>i 

min 


<1 

min 


20 
min 


- 


- 


at40'*C 


>60 


>60 




>14 


>14 












Isogel (mins) 






















at90«»C 


<7.5 












• 


• 


• 


• 


at 100*C 


5 








m 












Elastic Modulus 


>107 


>107 


















Viscous Modulus 


>106 


>106 


















DSC data 






















Onset (»C) To 


132 


114 


99 


135 


150 








135 


136 


Peak CO T„ 


146 


137 


130 


200 


195 








151 


153 


Heat of Reaction 
(J/g) 


350 


350 


580 


75 


50 








385 


229 



^Comparative example 
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U. Ex«npl« KA. KB. KC «rf KD, DGEBA n^ed «iA «,uivale« 

.^„f.«l,»«««ac«n.=.sp«m«. below, f --"o^^rSr 
amouDu* u ^ 1 V 0 5 X 0 125 inch overlapped by 0.5 inch, the 

r:;trLctantsandthe lap Shear st.^^ 

demonstrate the toughening effect of the SCC polymer component 




Lap Shear 
Strength 
1000 
1000 

2000 



IS 



20 



25 



p,7(aiTiple L 

cqrstaUiM polymer (C22A/GMA 80 JU, M»r- , ^ 
T™=63°C).-nieii>iMi« was brieny heated to 80 Qsnired, ana tnenq > 

«, 25-C. thus fomung . disp^sion of particles of the crystaUme P<"3™- ■» 
Tgtly^er. To d« past, obtair^d to this way was add«. P«. ms(*n«^ 
^onLvDphenol (K54 ftom Air Products). Tte fcrmuianoo was show, to be 
i:^:^'*^viLosi,yfon^.han60days-25^. "H^ sysjcm sh^ 
Tbr^er than 100 times more stable at 5«-C U-n p«dic.«. by Ari«mus kmetKS 
from cure at 90, 1 10 and 130«C. 



30 



An SCC polymer, C18A/AA (95/5 wf/o), was formed into microspheres having a 
.edianlonrn^cror..with^^^^ J^^^jl' 

Z^onofthemicrospheresinapoorsolvent P^'^^^ <^^^> ^^'f ^^p. 

Z^^e carboxylftmctionality.while titration ofasuspensionmagood^^^^^ 
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yielded 4.75 wt% carboxyl . This demonstrates that the SCC polymer moiety, so long as 
it is solid, shields the carboxyl groups from the surroimding medium. A suspension of 
the microspheres in a 30/70 mixture of THF/ethanol was titrated first at a temperature 
below the polymer melt temperature, when no carboxyl groups were detected, and then at 
5 a temperature above the polymer melt temperature , when 4.6% carboxyl groups were 
detected.. _ . . _ - - - - 

Example N 

10 A cured composite was prepared using a graphite cloth supplied by Staclqx>le 

Fibers, Inc. of Lowell, Massachusetts (PANEX high modulus, high strength carbon 
fiber remforcement #CFP30-05). The cloth was impregnated with the latent epoxy 
(SCC/tertiary amine) mixture prepared in Example B. The cloth was heated to 1 OO^'C 
by passing DC current through it, thus curing the resin to yield an amber-colored 

15 composite product. 

Example Q 

Two curable mixtures (A) and (B) were prepared by mixing at 25**C (A) 13.7 g 
20 of liquid EPON 828 with 0.7 g of liquid EMI-24 and (B) 9.2 g of EPON 828 with 
0.92 g of S micron spherical particles, the spherical particles consisting of a 50:50 
mixture of EMI-24 and SCC polymer (C22A/AA; 95/5). Mixture A, containing free 
EMI-24, increased in viscosity at 25''C from 76 to 4132 poise in 24 hours, while 
Mixture B, containing the thermally triggered particles, exhibited an increase in 
25 viscosity at 25''C from 146 to 650 poise in 24 hours. 

Example P 

A curable mixture was prepared by mixing 50 g of polybutyl methacrylate 
30 supplied by Aldrich Chemical Company, 20 g of tripropyleneglycol diacrylate, 22 g 
of octyl acrylate, 1 g of benzoyl peroxide and 7 g of C22A/DMAEA polymer from 
Example 3. The mixture was storage stable for one week at ambient temperature and 
cured to a crosslinked mixture in one hour at 70^C. 

3S Examples Q and R show the preparation of polymers which can be used, e.g. 

as described in Examples S and T, to produce modifying agents which contain 
photoactivatable chemical moieties and are useful photoresist materials. 
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Polyoc«i«yli«0'l"<e (POD) was pn^ by ^acting »g«tar ™ier nte<«» 
U,lJca.65-Cforl6ho»rs. The soWon was hca«d a 80 C far 2 

ftom elhaDol and dried under reduced piraaute. 

351 . POD . 504 g butyl acylaK. ISO g acrylic acid in 2 littrs of wluenewer. 
!»Lon oroceeded at 55«C for sixteen hours, followed by heanng at 80 C w 

„ copoly.ner.,oly(b».yl.«ylate-«o^licacid^P°'y<«»^'-^'^^ 

are shown in Tabic 4. 

■n„ polymer was easily coated on.0 a substnite and could be removed ft™ 

0« sub^^^ .be substrate to 50^C in the presence of 0.5N aqueous sod.um 
20 hydroxide. 

Fyatnple R 

A monomermixture was prepared from .925 g octadecyl "^""•^'^^^T 
« .crylat..4.2gac.ylicadd.dodecy.thio.and31i.ersbu.ylac«a.eJ^w™^ 

rmo»omer mix«« was add«l to the polymerization vessel he««i to 1 00 C. -n^ 

^nder of the monomer mix«re and 13.8 g Esperox 570 (t-amylpaoxy* 

ethyU-exanoate fiom Witco) were added to the pol^^zauon 

Tj,empera«« was then raised to 1 10°C and 13.8 g Espen,x 5100 (twmv^ 

3. I^fe«.Wi,co)wasadded.o.bevesselandhe,«df.r90mi«u..s.Theres«K^ 
^^^ylac.yLco.me.hy.ac,yla.e^acrylicacid)(POMA)w.sdnedjmder 
S^lltTpH^aportionisolated. The chan^teristics of 0« p.b»cr are shown » 

Table 5. 

ThepolymerwaseBaycoatedonto.substrateandcouldberemovedftom 
U«sub^^hea.ing.hesubs.«et.50-Cind»presa«of«.5Na,ueoussod.mn 

hydroxide. 



9627641A1J > 



PCTAJS96/03023 

39 



TABLES 





ToCC) 


TpCQ 


Mw 


Mn 


PBAPOD 


42 


45 


71,000 


17,000 


POMA 


35 


41 


85,000 


15,800 



5 Kxample S 

The polymer of Example R is used to prepare a modifying agent containing a 
photoactivatable group, Michler's ketone (4»4*-dimethyI-amino-benzophenone). 

10 A reaction mixture is prepared consisting of POMA and Michler's ketone in a 

ratio corresponding to 1 equivalent of POMA carboxyl group to 1/2 equivalent of 
Michler's ketone. Solvent is removed by drying in vacuo. The dried polymer is 
formed into particles by use of an air mill. 

15 Then about 3 parts of the photoactivatable group bound to POMA is mixed with 

100 parts of tripropylene glycol diacrylate (available from PPG) and 50 parts phenoxy 
ethyl acrylate. The mixture is heated at SO^C in the presence of light to form copolymer. 

Example T 

20 

A polymer is prepared by the process of Example R utilizing octadecyl 
acrylate, methyl acrylate and hydroxy ethyl acrylate, and dodecyl mercaptan in the 
ratio of 70: 1 0:20: 1 . The resulting polymer (POMHA) exhibited a melting point of 
about 39 C and a molecular weight of 8,700. 1 00 grams of dried POMHA is 

25 dissolved in 500 ml of tetrahydrofuran, cooled to 5 C and 0.9 equivalents of butyl 
lithium, based on hydroxyl groups is added dropwise while maintaining the 
temperature below 10 C followed by the dropwise addtion of 1.2 equivalents of 4- 
bromobenzophenone. The mixture is allowed to stir for 12 hours and filtered. 
Polymer containing attached benzophenone (POMBP) is isolated by precipitation 

30 from ethanol and dried. 

Example U 

A heat and light activated film forming resin system is prepared by combining 
35 20 parts of POMHA, SO parts of methyl methacrylate, 10 parts of maleic anhydride 
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rrprnA at 50 C in the absence of light and subsequently cooling to 
^^fita at^ film thickness of 48 microns and subsequently covered 

^rafs^i^'rof^^^^^^^ 

5 

EynmplcY 

A nuxturc consisting of 3 g RF713 (conductive silver epoxy resin ft^ Resin 
• «nfFV Roberts Inc.)and0.16gof the talent cunng agent 
pormulators ~f^^ A Lnd «iKn« consisdng of 3 g RF7 1 3 and 

10 I»«P«««^"*^'^P^'\'7^^^^MI.24avaiU^^^ 

0.03g of 2^yl-4-methylin«dazole ^"^J^^^^^^^^ plates at lirC 
««^»r«i Each mixture was heated m a hot press oeiwecn aiui k 
prepared, tacn mixiure ^i^^^^r and 3 1 mm in thickness. Usmg a 

and disks were formed 6.6 mm m diameter and 3.1 mm 

multimeter, the disks exhibhed equivalent resistance of aboutSohms. 



15 



20 



Ex«nple W sho«s how *e addWoo of . co^Wve » a ""f*;^ 

--J th*. modifvine agent to effectively wet the 
«sin mixture reduces the time reqmred for the ^^f^^ ^. 

• A of 13 6 g of the modifying agent of Example 1. 4/« i>y weign 

resm. A mixture oi i j o b " . i no « nf Enon 828 epoxy resm 

^^on*.wei^.of*c.»^^^^^^^^^^^^ 
«,,p^»d«s«d.naUm^ta«^s™«^^ ^^^^ 
line. The roodifying agent w««he«smm 4 days ait" f- 
4e same tempenoure in the absence of the wetting agent 



25 



30 



mechanical charactensitics of a thermoset resm. 1 he y thermosets 

c^„."r.Uo...hetn,o... — ^:^^^rrr 

finish at 120-C; between 80-120C the system cured to a phase separa 
had poor gloss and poor clarity. 



35 
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CLAIMS 

1 . A composition which comprises 
(1 ) a matrix material; and 

5 (2) distributed in the matrix material, or adjacent to the matrix material, a 

modifying agent which _ , _ - . . . - _ _ _ - 

(a) comprises 

(i) a polymeric moiety which com|»ises a crystalline polymeric 
moiety having an onset of melting temperature Tq and a peak 

10 melting tempemture Tp such that Tp - To is less than Tp O**^; 

and 

(ii) an active chemical moiety vAdch is bonded to the polymeric 
moiety through a bond having a strength of at least 10 
Kcal/mole, and which, when in contact with the matrix 

15 material under selected conditions, promotes or inhibits a 

chemical reaction of the matrix material, and 

(b) is in the form of a solid which xmdergoes a physical change, 
when the composition is subjected to a change in a variable 
selected from temperature, concentration of a solvent, 

20 electromagnetic radiation, ultrasonic radiation, and pH, said 

physical change changing the extent to which the matrix 
material is contacted by the chemical moiety. 

2. A composition according to claim 1 whrnin (a) the modifying agent has a 

25 heat of fusion of at least 20 J/g and (b) the polymeric moiety has a crystalline melting 
point of SO to 1 OO^C and comprises a side chain crystalline polymeric moiety 
comprising units derived from one or more monomers comprising an n-alkyl group 
containing 12 to SO carbon atoms. 

30 3. A composition according to claim 1 or 2 wherein (a) the matrix material is a 
precursor for a crosslinked polymer and (b) the active chemical moiety (i) is 
covalently bonded to the polymeric moiety of the modifying agent, and (ii) is a moiety 
which, when the modifying agent contacts the matrix material under the selected 
conditions, reacts chemically with the matrix material to form a crosslinked polymer. 



35 



4. A composition according to claim 1 or 2 wherein the active chemical moiety 
(i) is covalently bonded to the polymeric moiety of the modifying agent and (ii) is a 
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ca«jyses . cbeinical «««ion of the nattta maenal. 

, !^Up»Jin««f<™ofsoUdp«fic,cswl»chhav.»av.«g.d«^ «- 

ISO microns. 

or phosphate groiqjs. 

alkyl group contains 6 to 20 carbon atoms. 

8 A temperaturc-scnsitive modifying agent >vhich is suitable for use in a 
20 composition as claimed in any ofclaimsl to 7 and .viuch 

T'^Uyn.eHcmoietywhichcompHsesacrystalline^ 
^ moieVhaving an onset ofmelting temperature To and a 

n^elting temperature TpSUchthatTp-Tois less than Tp0.7,and 

(ii) an active chemical moiety M*ich is bonded to the polymenc 
moietythioughabondhavingastrengthofatleastlO 

Kcal/mole, and vMclu when in contact with a matrix material 
under selected conditions, promotes or inhibits a chemical 
reaction of the matrix material, and 
rb^ undergoes a physical change, when exposed to a change in a variable 
:S^mtLperature.concentrationofasolvent,electro^^^ 

^on. uhrasonic radiation, and pH. said physical change changing 
the extent to which the matrix material is contacted by the chemical 

moiety; and rn i i 

(0 isinthefonnofp«ticl«shavingan.veragcd.am«crof0.1«.I50 

microns. 
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9. A method of making a chemical compound vMch comprises 

(A) subjecting a composition as claimed in any of claims 1 to 7 to a change 
in a variable selected from temperature, concentration of a solvent, 
electromagnetic radiation, ultrasonic radiation, and pH, said change 

5 causing the modifying agent to undergo a physical change which 

substantially increases the extent to which the matrix material is 
contacted by the active chemical moiety; and 

(B) simultaneously with step (A), or after step (A), subjecting the matrix 
material and the modifying agent in contact therewith to conditions 

10 which cause a chemical reaction of the matrix material. 

1 0. A method according to claim 9 herein the composition comprises solid 
particles of the modifying agent distributed in the matrix material, and step (A) 
comprises heating the composition to a temperature of at least Tp. 

11. A method according to claim 9 or 10 wherein the reaction in step (B) produces 
a polymer in a liquid phase reaction mixture, and the method also includes, after step 
(B), the steps of 

(C) subjecting the reaction mixture to a treatment which causes the 
modifying agent to be in a solid phase while the reaction product 
remains in a liquid phase, and 

(D) removing solid modifying agent from the liquid phase. 

1 2. A polymer which comprises 

25 (A) first polymeric blocks which comprise a polymeric moiety comprising 

a crystalline polymeric moiety having an onset of melting temperature 
To and a peak melting temperature Tp such that Tp - To is less than 

TpO-7.and 

(B) second polymeric blocks which are different from the first polymeric 
30 blocks, 

the polymer having at least one of the following characteristics 

( 1 ) the first polymeric blocks are derived from a modifying agent as 
claimed in claim 8; 

(2) the polymer is in the form of a foam, an electrically insulating coating 
35 on a conductor, a coating on a printed circuit board, a resist on a 
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,^«hichbtol«pl-edor«chrt»cpoxyg«»hi«c«mposi«. 
or a powder coating; 

«,.cttdfe,mep<»id«.olefi..s.andmonom«sco«aum«av«yl 

group substituted on anaromatic ring; 
Skage be,««. .he tost a»i s«ond btocks B .tenrrf ftom a 

t«.ia^ or quaten-ary amine, a h«.««yctac -nme. a c.H»^^ 
gro^ es.«. a ftee radical-genenMing gtoup, or a UWB aeid. 
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